. Isw1-myc could be detected associated with the coding region of all four genes when actively transcribing ( Figure 1C ). and GAL7 genes when 3Ј end formation (termination) at GAL10 is disrupted by deletion of the poly(A) signal (Greger and Proudfoot, 1998). In this assay, a Gfp reporter gene is fused to the GAL7 promoter and the degree of interference at the GAL7 promoter measured by the reduction in GFP produced (Figure 2A) . When induced by galactose, WT was able to express Gfp from the GAL7 promoter regardless of whether the promoter at the interfering upstream gene was present or not, since efficient termination occurs at the GAL10 poly (A) site ( Figure 2C ). As expected, spt4⌬ expressed Gfp poorly under all conditions. By contrast, we observe a dramatic interference effect in isw1
Opposite Effects of

K227R
. There is a 4-fold reduction in the GFP signal that is dependent on expression of the upstream gene. These data confirm that functional Isw1p ATPase is required for GAL10 termination.
Opposite Effects of Isw1p and Spt4p on the Distribution of RNAPII across the Transcription Unit
Next we compared the density of total RNAPII across the pTEF:Kan R gene detected by chromatin immunoprecipitation ( Figure 2D ) with the TRO profiles ( Figure 2B ). The ChIP profiles of RNAPII in WT and spt4⌬ broadly recapitulate the TRO signals. In WT, a gradient of RNAPII is observed from the beginning to the end of the pTEF:Kan R gene. In contrast, for spt4⌬ very little RNAPII is detected beyond the genes 5Ј end. This may reflect control over the amount of RNAPII released into productive elongation, which is influenced by the action of Spt4p.
Surprisingly, the profile of RNAPII across pTEF:Kan R is markedly different from the TRO profile in isw1
K227R
. First, the amount of RNAPII detectable in the 5Ј part of the transcription unit is severely reduced even though TRO profiles obtained from cells grown in the same cultures indicate robust transcription. Thus, the ATPase of Isw1p may be required for the accumulation of RNAPII at the 5Ј promoter proximal region. Second, we observe a 15-fold increase in the amount of RNAPII at the genes 3Ј end as compared to WT. Since TRO analysis shows an even profile over both gene and 3Ј flanking regions in isw1
, the large accumulation of 3Ј flanking RNAPII is likely to reflect RNAPII that is not actively engaged in transcription. This accumulation of disengaged RNAPII may represent a failure to dissociate RNAPII from the 3Ј region of the template. Taken together, these data suggest that the Isw1p ATPase influences the level and activity of RNAPII at both the 5Ј and 3Ј regions of the (Figure 4) . In isw1 K227R the levels of Ser5 and Ser2 phosphorylation are of dst1⌬ and to completely suppress the 6AU S of spt4⌬ ( Figure 3A) . This suggests that 6AU R associated with the drastically reduced throughout MET16 compared to WT (Figures 4A and 4B) . The low levels of Ser5 phosphorylaisw1 mutations is dominant over the 6AU S associated with dst1⌬ or spt4⌬.
tion are likely to result from mislocalized recruitment of the Kin28p Ser5 kinase in isw1 K227R ( Figure 4C 5 and 7) . This suggests that in the majority of cells Nuc ϩ1 is not fully remodeled.
depending on whether MET16 is expressed or not. When MET16 is repressed by growth in YPD (ϩMet), the Ioc3p In the double isw1 K227R spt4⌬ mutant, we observed a structure similar to that in the single isw1 K227R ATPase ChIP is centered at the promoter ( Figure 5B ). By contrast, there was no Ioc2p or Ioc4p signal detectable at mutation, consistent with full remodeling of Nuc ϩ1 (compare lanes 8 and 11). Thus, in isw1 K227R , Spt4p is the promoter or coding region. This suggests that Ioc3p (Isw1a) is preferentially associated with the inactive prono longer required for remodeling of Nuc ϩ1. A similar observation was made for dst1⌬ (lanes 9-12). We conmoter. On activation of expression (ϪMet), the amount of Ioc3p-myc detectable at MET16 was drastically reclude that both Spt4p and Dst1p are required for remodeling of Nuc ϩ1 at MET16. These data suggest that duced. By contrast, significant levels of Ioc2p and Ioc4p are detectable within the MET16 coding region, espegeneral elongation factors play in major role in the release of RNAPII into the elongation phase of transcripcially at the end of the gene ( Figures 5C and 5D ), matching the Isw1p pattern following activation ( Figure 5A ). tion from a block imposed by the Isw1p ATPase. Indeed, based on ChIP analysis, RNAPII accumulates at the Thus, Isw1a is at the promoter of the repressed gene while Isw1b is associated with the coding region of the MET16 promoter in spt4⌬ in an isw1 K227R dependent fashion ( Figure 3D) . active gene. 
Isw1a Represses Gene Expression
The Isw1 ATPase Activity and Ioc2p Control the Distribution of RNAPII across Activated Genes
The next question we addressed was the role of the isw1
K227R
, and ioc3⌬ and compared these results to those obtained in strains lacking Ioc2p (ioc2⌬) and Ioc4p
Isw1 complex proteins in transcription of MET16 when expression is activated (ϪMet). In ioc3⌬ and ioc4⌬, the (ioc4⌬) (Figure 5E ). No signal for RNAPII above back-distribution of RNAPII resembles WT ( Figure 5F ). The overall levels of RNAPII are significantly reduced in ioc4⌬, suggesting that Ioc4p plays a positive role in transcription. In ioc2⌬, RNAPII distribution was skewed to the 3Ј regions, in a similar profile to isw1
. Thus, the Ioc2p component of the Isw1b complex is likely to function to control the distribution of RNAPII across genes. Moreover, this data suggests that Ioc2p and Ioc4p have distinct functions.
Ioc2p Is Required for Ser5 Phosphorylation of the CTD
We examined the effect of mutations in IOC2, IOC3, and IOC4 on the profile of Ser5 phosphorylation at MET16. In ioc3⌬ and ioc4⌬, the pattern of Ser5 phosphorylation resembled the profile in WT (Figure 6A ). However, in ioc2⌬ and isw1
K227R
, Ser5 phosphorylation at the CTD throughout MET16 was barely detectible. These data suggest that Ser5 phosphorylation is a function of the Ioc2p component of the Isw1b complex. Moreover, this data links a normal RNAPII distribution with Ser5 phosphorylation of the CTD, as both require the Ioc2p component of Isw1b ( Figure 5F ).
Ioc4p Is Required for Ser2 Phosphorylation of the CTD
The ioc4⌬ and the ioc2⌬ strains show distinct profiles for Ser2 phosphorylation of the CTD and associated Rna15p recruitment (Figures 6B and 6C) . The signals are greatly reduced at the promoter and throughout the gene in both the ioc4⌬ and isw1
K227R
. In contrast for ioc2⌬, the levels of Ser2 phosphorylation and Rna15p are elevated throughout the gene. Thus, Ioc4p is required for Ser2 phosphorylation and the associated events, while Ioc2p appears to regulate the activity and/ or timing of these events. In this respect Ioc2p functions like Spt4p (Figure 4) , as both influence the timing or activity of the Ser2 CTD kinase. tions to the histone proteins themselves may define this chromatin configuration. Moreover, Isw1p links events
Ioc4p Is Required for Histone H3 Tail Methylation
